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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for pulling 
a silicon single crystal, capable of preventing contamination of 
the silicon single crystal bar by an impurities mixed with an inert 
gas, and capable of providing the silicon single crystal bar with 
high purity. 

SOLUTION: A silicon molten liquid 12 is stored in a quartz 
crucible 13 installed in a chamber 1 1, and the silicon molten 
liquid is heated by a heater 18 surrounding the outer periphery 
of the quartz crucible 13. A heat-blocking member 26 
surrounding the outer periphery of the silicon single crystal bar 
25 pulled from the silicon molten liquid 12 and having lower end 
positioned at the upper part of the surface of the silicon molten 
liquid 1 2 at a distance blocks radiant heat from the heater 1 8, 
and a gas-supplying means allows an inert gas to flowing down 
between the silicon single crystal bar 25 and the heat-blocking 
member 26, to pass on the surface of the silicon molten liquid 
12 and to be discharged to the exterior of the chamber 1 1. An 
impure gas- discharging means 28 sucks the inert gas flowing 
down along the surface of the heat blocking member 26 in the 
inert gas flowing down between the silicon single crystal bar 25 and 
discharges the sucked gas into the exterior of the chamber 1 1. 




A 
/ 

• < 

/ 
/ 

T 

i 

n 



the heat-blocking member 26 and 



01.06.2001 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 3587229 

[Date of registration] 20.08.2004 
[Number of appeal against examiner's decision of 



http://wwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAIxaWNSDA41 1 1 16392P1 .htm 7/25/2006 



JP,11-116392,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

<TPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The quartz crucible with which it was prepared in the chamber (11) and silicon melt (12) was 
stored (13), The heater which surrounds the peripheral face of said quartz crucible (13), and heats said 
silicon melt (12) (18), The thermal shield member which surrounds the peripheral face of the silicon single 
crystal rod (25) which can be pulled up from said silicon melt (12), and a lower limit opens spacing from 
said silicon melt (12) front face, is located up, and interrupts the radiant heat from said heater (18) (26 56), 
In the pull-up equipment of the silicon single crystal equipped with a gas feeding-and-discarding means (27) 
to make flow down inert gas between said silicon single crystal rod (25) and said thermal shield member (26 
56), and to make pass through said silicon melt (12) front face, and to discharge out of said chamber (11) 
Said inert gas which flows down along the front face of said thermal shield member (26 56) among the inert 
gas which flows down between said silicon single crystal rod (25) and said thermal shield member (26 56) is 
attracted. Pull-up equipment of the silicon single crystal characterized by having an impure gas discharge 
means (28 58) to discharge out of said chamber (1 1). 

[Claim 2] The cavernous section by which the impure gas discharge means (28) was formed in the thermal 
shield member (26) (26c), Two or more impure gas suction holes opened for free passage and formed in the 
inner circle wall (26d) of said thermal shield member (26) at said cavernous section (26c) (26e), The impure 
gas discharge hole opened for free passage and formed in the upper part of said thermal shield member (26) 
at said cavernous section (26c) (26f), Pull-up equipment of the silicon single crystal according to claim 1 
which has the aspirator which was formed out of the chamber (11) and connected to said impure gas 
discharge hole (26f) through the impure gas discharge pipe (28a). 

[Claim 3] Pull-up equipment of the silicon single crystal according to claim 1 which has the aspirator by 
which the impure gas discharge means (58) was established the impure gas suction pipe (58a) which is 
arranged by the inner skin of a thermal shield member (56), and has two or more impure gas suction holes 
(58b), and out of the chamber (11), and was connected to said impure gas suction pipe (58a). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment which pulls up and raises a silicon single 

crystal rod. 

[0002] 

[Description of the Prior Art] Conventionally, as this kind of equipment, as shown in drawing 7 , the quartz 
crucible 3 with which silicon melt 2 was stored is held in a chamber 1, the thermal shield member 6 is 
inserted so that the silicon single crystal rod 5 may be surrounded between the peripheral face of the silicon 
single crystal rod 5, and the inner skin of the quartz crucible 3, and that by which the upper limit of the 
thermal shield member 6 was further jutted out over the abbreviation horizontal direction by the method of 
outside is known. With this equipment, the thermal shield member 6 is formed in tubed [ to which a 
diameter becomes small according to the other side caudad ], and that lower limit extends to near the silicon 
melt 2 front face. Moreover, the upper limit of the thermal shield member 6 is laid in the upper limit of a 
heat insulating mould 9, and the radiant heat irradiated by the silicon single crystal rod 5 from a heater 8 by 
this thermal shield member 6 is intercepted. Furthermore, if inert gas is supplied in a chamber 1 with the gas 
feeding-and-discarding means (not shown) connected to the chamber 1 , this inert gas will flow down the 
peripheral face of the silicon single crystal rod 5, as a two-dot chain line arrow head shows, and will be 
discharged out of the quartz crucible 3 through the clearance between thermal shield member 6 lower limit 
and silicon melt 2 front face. 

[0003] Thus, although the oxygen in silicon melt 2 serves as SiO gas etc. and evaporates with the constituted 
equipment, in order that inert gas may flow the clearance between thermal shield member 6 lower limit and 
silicon melt 2 front face with sufficient vigor toward a quartz crucible 3 inner-skin side from a silicon single 
crystal rod 5 peripheral-face side by existence of the thermal shield member 6 at this time, emissions, such 
as SiO gas which carried out [ above-mentioned ] evaporation, are kept away from the silicon single crystal 
rod 5. Consequently, it can prevent that the above-mentioned emission is incorporated by the silicon single 
crystal rod 5, and the rearrangement which is a lattice defect occurs on the silicon single crystal rod 5. 
Moreover, since the thermal shield member 6 covers heat efficiently, it can improve the productivity of the 
silicon single crystal rod 5. 
[0004] 

[Problem(s) to be Solved by the Invention] However, with the pull-up equipment of the above-mentioned 
conventional silicon single crystal, an impurity may be generated from the member located more nearly up 
than the silicon single crystal rod which can be pulled up from silicon melt, this impurity mixed in inert gas, 
and was conveyed to the peripheral face of a silicon single crystal rod, and there was a possibility that a 
silicon single crystal rod might be polluted with this impurity. The purpose of this invention can prevent 
contamination of the silicon single crystal rod by the impurity mixed in inert gas, and is to offer the pull-up 
equipment of the silicon single crystal which can obtain the silicon single crystal rod of a high grade. 
[0005] 

[Means for Solving the Problem] The quartz crucible 1 3 with which it was prepared in the chamber 1 1 and 
silicon melt 12 was stored as invention concerning claim 1 was shown in drawing 1 and drawing 3 , The 
heater 18 which surrounds the peripheral face of the quartz crucible 1 3 and heats silicon melt 12, The 
thermal shield member 26 which surrounds the peripheral face of the silicon single crystal rod 25 which can 
be pulled up from silicon melt 12, and a lower limit opens spacing from silicon melt 12 front face, is located 
up, and interrupts the radiant heat from a heater 18, It is amelioration of the pull-up equipment of the silicon 
single crystal equipped with a gas feeding-and-discarding means 27 to make flow down inert gas between 
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the silicon single crystal rod 25 and the thermal shield member 26, and to make pass through silicon melt 12 
front face, and to discharge out of a chamber 1 1. The place equipped with an impure gas discharge means 28 
to attract the inert gas which flows down along the front face of the thermal shield member 26 among the 
inert gas which flows down between the silicon single crystal rod 25 and the thermal shield member 26, and 
to discharge out of a chamber 1 1 has the characteristic configuration. With the pull-up equipment of the 
silicon single crystal indicated by this claim 1 , the impurity generated from the member of the upper part in 
a chamber 1 1 may mix in the inert gas supplied in the chamber 1 1 by the gas feeding-and-discarding means 
27, it rides and flows down with the flow of the inert gas along the member front face of the upper part in a 
chamber 11, and this impurity flows down along with thermal shield member 26 inner skin further. Since 
the inert gas containing this impurity is discharged out of a chamber 1 1 by the impure gas discharge means 
28 before it approaches the silicon single crystal rod 25, the silicon single crystal rod 25 is hardly polluted 
with an impurity. 

[0006] As invention concerning claim 2 is invention concerning claim 1 and it is further shown in drawing 1 
Cavernous section 26c by which the impure gas discharge means 28 was formed in the thermal shield 
member 26, Two or more impure gas suction hole 26e opened for free passage and formed in 26d of inner 
circle walls of the thermal shield member 26 at cavernous section 26c, It is characterized by having 26f of 
impure gas discharge holes opened for free passage and formed in the upper part of the thermal shield 
member 26 at cavernous section 26c, and the aspirator which was formed out of the chamber 1 1 and 
connected to 26f of impure gas discharge holes through impure gas discharge pipe 28a. With the pull-up 
equipment of the silicon single crystal indicated by this claim 2, the inert gas containing the impurity which 
flows down along with thermal shield member 26 inner skin is attracted from impure gas suction hole 26e 
formed in 26d of inner circle walls of the thermal shield member 26, and is discharged out of a chamber 1 1 
through cavernous section 26c of the thermal shield member 26, 26f of impure gas discharge holes, and 
impure gas discharge pipe 28a. 

[0007] Invention concerning claim 3 is invention concerning claim 1, and as further shown in drawing 4 , it 
is characterized by having impure gas suction pipe 58a which the impure gas discharge means 58 is 
arranged by the inner skin of the thermal shield member 56, and has two or more impure gas suction hole 
58b, and the aspirator which it was prepared out of the chamber 1 1 and connected with impure gas suction 
pipe 58a. With the pull-up equipment of the silicon single crystal indicated by this claim 3, the inert gas 
containing the impurity which flows down along with thermal shield member 56 inner skin is attracted from 
impure gas suction hole 58b, and is discharged out of a chamber 1 1 through impure gas suction pipe 58a. 
[0008] 

[Embodiment of the Invention] Next, the gestalt of operation of the 1st of this invention is explained based 
on a drawing. As shown in drawing 1 - drawing 3 , in the chamber 1 1 of the pull-up equipment 1 0 of a 
silicon single crystal, the quartz crucible 13 which stores silicon melt 12 is formed, and the external surface 
of this quartz crucible 13 is covered with the graphite susceptor 14. The inferior surface of tongue of the 
quartz crucible 13 is fixed to the upper limit of a pivot 16 through the above-mentioned graphite susceptor 
14, and the lower part of this pivot 16 is connected to the crucible driving means 17 ( drawing 3 ). The 
crucible driving means 17 is movable in the vertical direction while it has the 1st diversion motor made to 
rotate the quartz crucible 13 and the motor for rise and fall which makes it go up and down the quartz 
crucible 1 3 and the quartz crucible 1 3 may rotate in the predetermined direction by these motors, although 
not illustrated. The heater 1 8 which opens predetermined spacing and surrounds the peripheral face of this 
quartz crucible 13 to a way outside the quartz crucible 13 is formed, and the heat insulating mould 19 which 
opens predetermined spacing and surrounds the peripheral face of this heater 18 is formed in a way outside a 
heater 18. The silicon polycrystal of a high grade fed into the quartz crucible 13 at the heater 18 fuses, and it 
becomes silicon melt 12. 

[0009] Moreover, the casing 21 of the shape of a cylinder of a minor diameter is formed in the top face of a 
chamber 1 1 from a chamber 1 1 ( drawing 3 ). It pulls up to this casing 21, and a means 22 is established. 
The pull-up means 22 is established the 2nd diversion motor (not shown) which was formed in the upper 
limit section of casing 21 possible [ revolution ] in the level condition and which pulls up and is made to 
rotate a head (not shown) and this head, the wire cable 23 which hung toward the center of rotation of the 
quartz crucible 1 3 from the head, and in the above-mentioned head, and has rolling up or a motor for 
delivery ******** ( no t shown) for the wire cable 23. The seed crystal 24 for dipping in silicon melt 12 in 
the lower limit of the wire cable 23, and pulling up the silicon single crystal rod 25 is attached. 
[0010] Between the peripheral face of the silicon single crystal rod 25, and the inner skin of the quartz 
crucible 13, the thermal shield member 26 is inserted so that the peripheral face of the silicon single crystal 
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rod 25 may be surrounded ( drawing 1 and drawing 3 ). The thermal shield member 26 is formed with a 
graphite, and it has disc-like flange 26b jutted out over an abbreviation horizontal direction in the method of 
outside from the upper limit of tubed tubed part 26a to which a diameter becomes small according to the 
other side caudad, and this tubed part 26a ( drawing 1 - drawing 3 ). The lower limit of tubed part 26a 
extends to near the silicon melt 12 front face, and upper limit is prolonged until it serves as upper limit of a 
heat insulating mould 19, and abbreviation same height. If the inferior surface of tongue of flange 26b of the 
above-mentioned thermal shield member 26 is installed in the top face of a heat insulating mould 19, the 
radiant heat which tubed part 26a of the thermal shield member 26 divides to the end-crater inner skin side 
which takes the inside of a chamber 11a silicon single crystal side, and is irradiated by the silicon single 
crystal rod 25 from a heater 1 8 will be intercepted ( drawing 1 and drawing 3 ). 

[001 1] A gas feeding-and-discarding means 27 to make a chamber 1 1 flow down inert gas, such as argon 
gas and nitrogen gas, between the silicon single crystal rod 25 and the thermal shield member 26, and to 
make pass through silicon melt 12 front face, and to discharge out of a chamber 1 1 is connected ( drawing 
3 ). The gas feeding-and-discarding means 27 has gas supply pipe 27a by which the end was connected to 
the up peripheral wall of casing 21, and the other end was connected to the air tank (not shown), and gas 
discharge pipe 27b by which the end was connected to the low wall of a chamber 1 1 , and the other end was 
connected to the vacuum pump (not shown). The 1st and 2nd flow control valves 27c and 27d which adjust 
the flow rate of the inert gas which flows these pipes 27a and 27b are formed in gas supply pipe 27a and gas 
discharge pipe 27b, respectively. 

[0012] The place equipped with an impure gas discharge means 28 to attract the inert gas which flows down 
along the front face of the thermal shield member 26 among the inert gas which flows down between the 
silicon single crystal rod 25 and the thermal shield member 26, and to discharge out of a chamber 1 1 has the 
characteristic configuration of the gestalt of this operation ( drawing 1 - drawing 3 ). Cavernous section 26c 
by which the impure gas discharge means 28 was formed in the thermal shield member 26, Two or more 
impure gas suction hole 26e opened for free passage and formed in 26d of inner circle walls of the thermal 
shield member 26 at cavernous section 26c, It has 26f of impure gas discharge holes opened for free passage 
and formed in the upper part of the thermal shield member 26 at cavernous section 26c, and the aspirator 
(not shown) which was formed out of the chamber 1 1 and connected to 26f of impure gas discharge holes 
through impure gas discharge pipe 28a. Cavernous section 26c is formed over tubed part 26a of the thermal 
shield member 26, and the whole flange 26b, and two or more impure gas suction hole 26e is formed in 26d 
of inner circle walls of tubed part 26a. 

[001 3] Moreover, two or more impure gas suction hole 26e is formed, respectively in the shape of [ which is 
prolonged in the circumferencial direction of 26d of inner circle walls of tubed part 26a ] a slit, as shown in 
drawing 2 in detail. These slit-like impure gas suction hole 26e opens predetermined spacing on the same 
periphery of 26d of inner circle walls of tubed part 26a, and opens predetermined spacing in the pull-up 
direction of the silicon single crystal rod 25, and is formed, respectively. As for impure gas suction hole 26e 
which adjoin up and down among two or more impure gas suction holes, it is desirable to shift to the 
circumferencial direction of 26d of inner circle walls mutually, and to form in it. Moreover, 26f of impure 
gas discharge holes is formed in 26g of upper walls of flange 26b, and impure quantity-of-gas-flow 
regulator- valve 28b which adjusts the flow rate of the inert gas in this pipe 28a is prepared in impure gas 
discharge pipe 28a. Furthermore, a vacuum pump may be used as an aspirator and the vacuum pump 
connected to gas discharge pipe 27b of the above-mentioned gas feeding-and-discarding means 28 is 
sufficient as this vacuum pump. In addition, not a slit-like hole but a circular hole or the hole of other 
configurations is sufficient as an impure gas inhalation hole. 

[0014] In addition, as for the flow rate of the inert gas supplied in a chamber 1 1 from gas supply pipe 27a, it 
is desirable that it is [ 20-601. ] a part for part further 30-401./for /. Moreover, as for the suction flow rate of 
the inert gas attracted from gas discharge pipe 27b, it is desirable that it is [ 10-501. ] a part for part further 
20-3 01. /for /, and, as for the suction flow rate of the inert gas attracted from impure gas suction hole 26e, it is 
desirable that it is [ 2-201. ] a part for part further 5-101./for /. As for the pressure of the inert gas in a 
chamber 1 1, it is desirable that they are 0.01 4-0.04 lkg/cm2 and further 0.016-0.027kg/cm2 near the feed 
hopper of this inert gas. 

[0015] A rotary encoder (not shown) is connected to the output shaft (not shown) of the motor for a pull-up, 
and the weight sensor (not shown) which detects the weight of the silicon melt 12 in the quartz crucible 13, 
and the linear encoder (not shown) which detects the rise-and-fall location of a pivot 16 are formed in the 
crucible driving means 17. Each detection output of a rotary encoder, a weight sensor, and a linear encoder 
is connected to the control input of a controller (not shown), and the control output of a controller is 
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connected to the motor for a pull-up of the pull-up means 22, and the motor for rise and fall of the crucible 
driving means 1 7, respectively. Moreover, memory (not shown) is prepared in a controller, the rolling-up 
die length of the wire cable 23 to the detection output of a rotary encoder, i.e., the pull-up die length of the 
silicon single crystal rod 25, is memorized by this memory as a map, and the oil-level level of the silicon 
melt 12 in the quartz crucible 13 to the detection output of a weight sensor is memorized as a map. A 
controller controls the motor for rise and fall of the crucible driving means 1 7 so that the oil level of the 
silicon melt 12 in the quartz crucible 13 always maintains at fixed level based on the detection output of a 
weight sensor. 

[0016] Thus, actuation of the pull-up equipment of the constituted silicon single crystal is explained. When 
pulling up the silicon single crystal rod 25, the flow rate of the inert gas which passes through between 
silicon melt 12 front face and thermal shield member 26 lower limits, and the flow rate of the inert gas 
attracted from impure gas suction hole 26e are adjusted, respectively by adjusting the 1st and 2nd flow 
control valves 27c and 7d and impure quantity-of-gas-flow regulator- valve 28b. 

[001 7] Moreover, the impurity of heavy metal, such as iron generated from the member of the upper part in 
a chamber 1 1 and copper, may mix in the inert gas supplied in the chamber 1 1 from gas supply pipe 27a. It 
rides and flows down with the flow of the inert gas along the member front face of the upper part in a 
chamber 1 1 , and this impurity flows down along with the tubed part 26a inner skin of the thermal shield 
member 26 further. The inert gas which contains the above-mentioned impurity from impure gas suction 
hole 26e formed in 26d of inner circle walls of the thermal shield member 26 at this time, i.e., impure gas, is 
attracted, it is discharged out of a chamber 1 1 through cavernous section 26a of the thermal shield member 
26, 26f of impure gas discharge holes, and impure gas discharge pipe 28a, namely, before impure gas 
approaches the silicon single crystal rod 25, it is discharged out of a chamber 1 1 . Consequently, since the 
inert gas of silicon single crystal rod 25 perimeter which can be pulled up from silicon melt 12 does not 
almost have that the above-mentioned silicon single crystal rod 25 is polluted with an impurity, hardly 
including an impurity, the silicon single crystal rod 25 of a high grade can be manufactured. 
[001 8] Drawing 4 - drawing 6 show the gestalt of operation of the 2nd of this invention. In drawing 4 and 
d rawing 6 , the same sign as drawing 1 and drawing 3 shows the same components. With this equipment, it 
has impure gas suction pipe 58a in which the impure gas discharge means 58 was arranged by the inner skin 
of the thermal shield member 56, and the aspirator (not shown) connected to impure gas suction pipe 58a. 
The thermal shield member 56 is formed with a graphite, and it has disc-like flange 56b jutted out over an 
abbreviation horizontal direction in the method of outside from the upper limit of tubed tubed part 56a to 
which a diameter becomes small according to the other side caudad, and this tubed part 56a ( drawing 4 - 
drawjngj) ). Tubed part 56a and flange 56b are formed in the tubed part and flange, and abbreviation same 
configuration of a gestalt of the 1 st operation except for not having the cavernous section like the tubed part 
of the gestalt of implementation of the above 1 st, and a flange. 

[0019] Impure gas suction pipe 58a is the single pipe formed in the shape of a ring with the graphite, and is 
horizontally arranged along with the inner skin of tubed part 56a. Moreover, predetermined spacing is 
opened in impure gas suction pipe 58a, and two or more impure gas suction hole 58b is formed. The same 
equipment as the aspirator of the gestalt of the 1st operation is used, and an aspirator is formed out of a 
chamber 1 1 . Impure gas suction pipe 58a is connected to an aspirator through impure gas discharge pipe 
58c, and impure gas discharge pipe 58c also plays the role holding impure gas suction pipe 58a. Moreover, 
impure quantity-of-gas-flow regulator-valve 28b is prepared in impure gas discharge pipe 58c. It is 
constituted identically to the gestalt of the 1st operation except the above. 

[0020] Thus, with the pull-up equipment of the constituted silicon single crystal, except for the impure gas 
(inert gas containing an impurity) which flows down along with the tubed part 56a inner skin of the thermal 
shield member 56 being attracted from impure gas suction hole 58b, and being discharged out of a chamber 
1 1 through impure gas suction pipe 58a and impure gas discharge pipe 58c, since actuation is the same as 
that of the gestalt of implementation of the above 1st, and abbreviation, explanation of a repetition is 
omitted. Moreover, unlike the gestalt of the 1st operation, the impure gas discharge means 58 of the gestalt 
of this operation can be added to the ready-made thermal shield member 56, and can be established. In 
addition, although the single impure gas suction pipe was arranged along with the tubed part inner skin of a 
thermal shield member with the gestalt of this operation, two or more impure gas suction pipes may be 
arranged along with the tubed part inner skin of a thermal shield member. 
[0021] 

[Example] Next, the example of this invention is explained in detail with the example of a comparison. 
As shown in <example 1> drawing 1 - drawing 3 , the thermal shield member 26 made from a graphite 
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which has cavernous section 26c was inserted into the chamber 1 1 , the upper wall of this thermal shield 
member 26 was installed in the top face of a heat insulating mould 1 9, and argon gas was supplied to 1 1 in a 
chamber by the 301. flow rate for /from gas supply pipe 27a by adjusting 1st flow control valve 27c. 
Moreover, by adjusting the 27d of the 2nd flow control valve, the argon gas in a chamber 1 1 was attracted 
by the 251. flow rate for /from gas discharge pipe 27b, and the argon gas which flows down tubed part 26a 
inner skin was attracted by part for 51./from impure gas suction hole 26e by adjusting impure quantity-of- 
gas-flow regulator-valve 28b. The pressure of the inert gas in a chamber 1 1 was 0.020kg/cm2 near the feed 
hopper of this inert gas. The bore of the above-mentioned quartz crucible 13 was 400mm, and the weight of 
the silicon melt 1 2 stored by this quartz crucible 1 3 was 40kg. The bores of the upper limit of tubed part 26a 
of the thermal shield member 26 and a lower limit were 350mm and 200mm, respectively, and the height of 
tubed part 26a was 300mm. Moreover, the width of face and die length of each impure gas suction hole 26e 
were 10mm and 50mm, respectively, and these numbers were 24 pieces. Furthermore, the distance between 
a tubed part 26a lower limit and silicon melt 12 front face was 25mm. 

[0022] As shown in <example 2> drawing 4 - drawing 6 , the thermal shield member 56 made from a 
graphite without the cavernous section was inserted so that the peripheral face of the silicon single crystal 
rod 25 might be surrounded between silicon single crystal rod 25 peripheral face and quartz crucible 13 
inner skin, and single impure gas suction pipe 58a was arranged along with the tubed part 56a inner skin of 
this thermal shield member 56. Argon gas was supplied to 1 1 in a chamber by the 301. flow rate for /from 
gas supply pipe 27a by adjusting 1st flow control valve 27c. Moreover, by adjusting the 27d of the 2nd flow 
control valve, the argon gas in a chamber 1 1 was attracted by the 251. flow rate for /from gas discharge pipe 
27b, and the argon gas which flows down tubed part 56a inner skin was attracted by part for 51./from impure 
gas suction hole 58b by adjusting impure quantity-of-gas-flow regulator-valve 28b. The pressure of the inert 
gas in a chamber 1 1 was 0.020kg/cm2 near the feed hopper of this inert gas. The dimension of the thermal 
shield member 56 was the dimension and abbreviation identitas of a thermal shield member of an example 
1 , and the ring bore of impure gas suction pipe 58a and the bore of the pipe 58a itself were 200mm and 
15mm, respectively. Moreover, 12 impure with a diameter of 5mm gas suction hole 58b was formed in 
impure gas suction pipe 58a. Furthermore, impure gas suction pipe 58a was arranged in 60mm upper part 
from the lower limit of tubed part 56a. It constituted identically to an example 1 except the above. 
[0023] As shown in <example 1 of comparison> drawing 7 , the thermal shield member 6 of the same 
configuration as an example 2 was inserted so that the silicon single crystal rod 5 might be surrounded 
between the peripheral face of the silicon single crystal rod 5, and the inner skin of the quartz crucible 3, 
argon gas was supplied by the 301. flow rate for /in the chamber 1 from the gas supply pipe (not shown), and 
the argon gas in a chamber 1 was attracted by the 301. flow rate for /from the gas discharge pipe (not 
shown). The pressure of the inert gas in a chamber 1 was 0.020kg/cm2 near the feed hopper of this inert gas. 
Moreover, the impure gas suction pipe of an example 2 was not used. It constituted identically to an 
example 2 except the above. 

[0024] After manufacturing the silicon single crystal rod whose diameter is 1 50mm with the equipment of 
the example 1 of a comparison in the Comparative study and evaluation> example 1 and example 2 list, 
these silicon single crystal rods were sliced in thickness of 2mm, the part which corresponds near the 
periphery of a crystal was chosen and cut, and the tabular sample was created, respectively. After carrying 
out mirror etching of the front face of these samples with the mixed acid and going heat treatment for an 
oxygen donor's elimination, the concentration of Fe, Mo, and Cu inside each test piece was measured by the 
DLTS (Deep level transient spectroscopy) method, respectively. This measurement result is shown in Table 
1 . In addition, the measuring point of the above-mentioned concentration was taken as the part which is 
equivalent to about 5mm inside from a crystal periphery. 
[0025] 
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[0026] clear from Table 1 — as — an example 1 and an example 2 — metal high impurity concentration — 
DLTS — it is below the minimum limit of detection of law, and the crystal of the high grade which does not 
have almost contamination as compared with the example 1 of a comparison was able to be obtained. 
[0027] 

[Effect of the Invention] Since it constituted according to this invention so that an impure gas discharge 
means might attract the inert gas containing the impurity which flows down along the front face of a thermal 
shield member among the inert gas which flows down between a silicon single crystal rod and a thermal 
shield member and it might be discharged out of a chamber before approaching a silicon single crystal rod 
as stated above, the inert gas of the perimeter of a silicon single crystal rod does not almost have that the 
above-mentioned silicon single crystal rod is polluted with an impurity, hardly including an impurity. 
Consequently, the silicon single crystal rod of a high grade can be manufactured. Moreover, form the 
cavernous section in a thermal shield member, and it is open for free passage to the inner circle wall of a 
thermal shield member at the cavernous section, and two or more impure gas suction holes are formed. If the 
aspirator which was open for free passage in the cavernous section, formed the impure gas discharge hole in 
the upper part of a thermal shield member, and was further formed out of the chamber is connected to an 
impure gas discharge hole through an impure gas discharge pipe Since the inert gas containing the impurity 
which flows down along with thermal shield member inner skin is attracted from an impure gas suction hole 
and it is discharged out of a chamber through the cavernous section, an impure gas discharge hole, and an 
impure gas discharge pipe, the same effectiveness as the above is acquired. Furthermore, since the impure 
gas suction pipe which has two or more impure gas suction holes is arranged in the inner skin of a thermal 
shield member, the inert gas which contains the impurity which flows down along with thermal shield 
member inner skin if the aspirator formed out of the chamber is connected to an impure gas suction pipe is 
attracted from an impure gas suction hole and it is discharged out of a chamber through an impure gas 
suction pipe, the same effectiveness as the above is done so. 
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* NOTICES * 

JPO and NCIP1 are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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